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ABSTRACT 
A r e c e n t  s tudy i n  Massachusetts found t h a t  a group of high school  sopho- 
mores exposed t o  107 mg/l sodium i n  t h e i r  d r ink ing  water had s i g n i f i c a n t l y  
higher  blood p re s su res  than a con t ro l  group exposed t o  a lower l e v e l  of  sodium 
(8  mg/l).  The p re sen t  s tudy was undertaken i n  I l l i n o i s  t o  determine i f  t h e s e  
f ind ings  could be repea ted  with a group of  high school j un io r s  and s e n i o r s  
from two communities, LaGrange and Westchester,  l oca t ed  i n  t h e  Chicago metro- 
p o l i t a n  a rea .  The concent ra t ion  o f  sodium i n  LaGrange's municipal dr inking  
water i s  405 mg/l a s  compared t o  4 mg/l f o r  Westchester.  Of t h e  386 e l i g i b l e  
s tuden t s  i n  LaGrangeI.84%volunteered t o  have t h e i r  blood p re s su res  taken.  I n  
Westchester,  78% o f  t h e  401 e l i g i b l e  s tuden t s  volunteered.  
Resu l t s  of  t h e  survey ind ica t ed  t h a t  male and female s y s t o l i c  blood pres-  
s u r e s  i n  t h e  h igbsodium community were no t  h igher  than those  i n  t h e  low-sodium 
community ( p  > 0.05) .  I n  c o n t r a s t ,  t h e  male and female d i a s t o l i c  blood pres-  
s u r e s  were s i g n i f i c a n t l y  higher  i n  t h e  high-sodium community ( p  < 0.05) .  HOW- 
ever, .  t h e  i n c r e a s e s  i n  d i a s t o l i c  blood p re s su res  were no t  a s  l a r g e  a s  those  
observed i n ' t h e  klassachusetts s tudy.  The long-term s i g n i f i c a n c e  o f  t h e s e  
f ind ings  i s  unknown. However, they  do i n d i c a t e  a need f o r  f u r t h e r  follow-up 
s tudy  t o  determine i f  t h e r e  is an a s s o c i a t i o n  with t h e  development of  hypertension.  
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INTRODUCTION 
Primary hypertension is a major affliction of modern society, affecting 
15 to 20% of the adult population of the U.S. and other industrialized na- 
1 
tions. More than 20% of all deaths are directly or indirectly related to 
2 hypertension. The causes of primary hypertension are not known. Several 
risk factors have been postulated, including age, sex, stress, obesity, 
sodium intake, race, genetic predisposition, degree of acculturation, and 
water mineralization.lr3 Sodium intake is considered to be among the most 
1,3-5 
-important of these risk factors. 
Experimental studies with rats have produced unequivocal evidence that 
excessive ingestion of sodium is a factor in the pathogenesis of hypertension. 
Of particular significance are data indicating that: (a) the youngest animals 
are those most susceptible to salt-induced hypertension; (b) even relatively 
brief periods of exposure to a high-sodium diet in early life can result in 
permanent hypertension; and (c) genetic factors predispose certain strains 
to the development of hypertension. 415 
Although sodium intake by U.S. adults averages about 4 grams per day 6 
5 (the extremes vary from 1 to 12 grams per day ) ,  the daily requirement is 
less than 0.2 g; this amount is supplied by a diet of natural, unsalted 
foods.5 There are studies which indicate that sodium is an important factor 
j-n the development of hypertension in humans. For example, a linear dose- 
response relation can be obtained when average daily sodium chloride intake 
(ranging from 3-26 g/day) is plotted against the proportions of hypertensives 
(ranging from O-40% of the total population) for various world population 
groups. 415 Also, there is strong clinical evidence that a well-controlled low- 
sodium diet can reduce human hypertension even if there is no weight reduc- 
t i ~ n . ~ ' ~  Hereditary predisposition combined with excessive salt consumption 
5 
may be the comrnon,means by which essential hypertension develops in humans. 
Thi s  i n t r o d u c t i o n  b r i e f l y  reviews t h e  l i t e r a t u r e  f o r  t h e  r o l e  o f  d i e t a r y  
s a l t  consumption a s  a  r i s k  f a c t o r  i n  t h e  development o f  hype r t ens ion  i n  an i -  
mals and humans. For a more ex t ens ive  b ib l i og raphy  and d i s c u s s i o n  o f  t h i s  
s u b j e c t  m a t t e r  see t h e  p u b l i c a t i o n s o f  Ca labrese  and T u t h i l l  9 , 11  and t h e  
Nat iona l  Academy of  Sc i ences  Report  Drinking Water and Hea l th .  12  
Sodium i n t a k e  i s  u s u a l l y  s u b s t a n t i a l l y  g r e a t e r  from food t han  from wate r .  
The p r o p o r t i o n  of waterborne sodium i n  t h e  t o t a l  d i e t  i s  a f u n c t i o n  o f  t h e  
degree  o f  munic ipa l  and/or home water s o f t e n i n g  and whether t h e  d i e t  i s  
4 
sod ium- re s t r i c t ed  ( ( 5 0 0  mg/day ) f o r  medical  r e a sons .  Municipal o r  home water-  
s o f t e n i n g  may add s e v e r a l  hundred my sodium/day t o  t h e  amount normally de- 
r i v e d  from food ( abou t  4  g /day) .  About 1 . 3  m i l l i o n  people  i n  I l l i n o i s  a r e  
se rved  by wate r  which i s  mun ic ipa l l y  so f t ened  by e i t h e r  t h e  l ime-soda a s h  o r  
7  
z e o l i t e  t e chn iques .  The i n v e s t i g a t o r s  do n o t  have an e s t i m a t e  o f  t h e  number 
o f  pe r sons  se rved  by home-softened wate r  i n  I l l i n o i s .  
Desp i te  t h e  low l e v e l  o f  waterborne sodium i n  t h e  d i e t ,  a  r e c e n t  s t udy  
found t h a t  a  group o f  h igh  school  sophomores exposed t o  sodium c o n c e n t r a t i o n s  
o f  107 mg/l i n  d r i n k i n g  wate r  had s i g n i f i c a n t l y  h ighe r  blood p r e s s u r e s  than  
8-10 
a  c o n t r o l  group exposed t o  a  lower l e v e l  of  waterborne sodium ( 8  mg/ l ) .  
'The p r e s e n t  s t u d y  w a s  under taken  t o  de te rmine  i f  t hose  f i n d i n g s  cou ld  he  
r e p l i c a t e d  i n  LaGrange, I l l i n o i s ,  a  community which h a s  an even h ighe r  l e v e l  
o f  sodium i n  i t s  d r i n k i n g  wa t e r ,  405 mg/l. 
METHODOLOGY 
S e l e c t i o n  o f  T e s t  and Con t ro l  Communities 
Th i s  survey  w a s  des igned  t o  compare t h e  blood p r e s s u r e s  of  h igh  school  
j u n i o r s  and s e n i o r s  from two communities i n  t h e  Chicago m e t r o p o l i t a n  a r e a  
t h a t  a r e  s epa ra t ed  by a d i s t a n c e  of t h r e e  m i l e s  (LaGrange and Nes t ches t e r ,  
I l l i n o i s ) .  These communities were chosen because they have s imi la r  demographic 
and socioeconomic c h a r a c t e r i s t i c s  (Table 1). However the  drinking water i n  
LaGrange has a  sodium concentrat ion considerably higher than t h a t  of the  drink- 
ing water i n  Westchester. 
LaGrange has been softening i t s  drinking water s ince  1938 by the  standard 
techniques using lime-soda ash, z e o l i t e ,  and/or continuous ion  exchange. 14 
These sof tening processes have caused the  sodium concentrat ions t o  vary between 
300 and 700 mg/l with a mean concentrat ion (averaged f o r  the  years  1972-1978) 
15  
of 405 mg/l. This mean concentrat ion was confirmed during the  study period 
by the  use  of atomic absorption ana lys i s  of water samples. I n  c o n t r a s t  t o  
LaGrange's very hard groundwater supply, Westchester 's  drinking water comes 
from Chicago (Lake Michigan source) which has a  cons is tent ly  low sodium 
concentrat ion of about 4 mg/l. 15 
Selec t ion  of Study Populations 
School board o f f i c i a l s  a t  Lyons Township High School, North Campus i n  
LaGrange, and Proviso West High School i n  H i l l s i d e ,  I l l i n o i s  were contacted 
t o  ob ta in  approval f o r  the  study and l i s t i n g s  of e l i g i b l e  junior  and senior  
s tudents .  Juniors  and sen io r s  i n  Westchester a t tend Proviso West High School. 
Both Westchester and H i l l s i d e  a r e  supplied by drinking water from Chicago. 
For the  purposes of  t h i s  s tudy,  e l i g i b l e  s tudents  were defined a s  those 
white,  male o r  female, juniors  o r  sen io r s  l i v i n g  i n  LaGrange o r  Westchester 
who d id  not  consume bot t led  water o r  water from the  t a p  t h a t  had been t r ea ted  
t o  remove sodium (Appendix A ) .  Also, four Westchester s tudents  r e s id ing  i n  
homes with water so f t ene r s  were excluded from the  d a t a  ana lys i s  because they 
might be consuming water with elevated sodium. The 42 LaGrange s tudents  with 
home water so f t ene r s  were not  excluded from the  d a t a  ana lys i s  because addi- 
t5onal  home sof tening w i l l  r e s u l t  i n  only a s l i g h t l y  l a rge r  d i f ference  ( l e s s  than 
Table 1: Demographic and Socioeconomic Status Characteristics of 
LaGrange and Westchester , 11linois'~ 
Characteristic LaGrange Westchester 
1970 Population 
% Population Change 1960-70 
Median Family Income 
Median School Years Completed 
for Persons Over 25 
% Population Less than 
18 Years of Age 
% White 
% Black 
Household Size 
Number of Dwelling Units 
Number Employed, 16 Years 
Old or Older 
a. % Professional-Manager 
b. % Clerical-Sales 
c. % Craftsmen-Operatives 
d. % Laborers-Farmers 
e. % Service 
10%) i n  sodium concentrat ion i n  t h e  drinking water between t e s t  and control  
communities. Furthermore, e l i g i b l e  s i b l i n g s  were randomly removed so  t h a t  
only one junior o r  senior  would be represented per  family. A s  a consequence, 
f a m i l i a l  e f f e c t s  on the  blood pressure  da ta  were removed. There were 386 
e l i g i b l e  s tudents  i n  LaGrange and 401 e l i g i b l e  s tudents  i n  Westchester. Due 
t o  t h e  exce l l en t  cooperation of school personnel and parents  and t o  an incent ive  
of f i v e  d o l l a r s  t o  p a r t i c i p a t e  i n  t h i s  s tudy,  approximately 84% of the  
e l i g i b l e  s tudents  from LaGrange (325) and 78% of the  e l i g i b l e  s tudents  from 
Westchester (313) volunteered. 
Collect ion of Blood Pressure Data 
Each s tudent  was given a shor t  quest ionnaire designed t o  c o l l e c t  da ta  on 
va r i ab les  which a f f e c t  blood pressure ,  e.g. dura t ion  of  residence i n  community, 
he ight  and weight,  in take  of s a l t y  food, and smoking (Appendix B). (Due t o  budgetary 
c o n s t r a i n t s ,  comprehensive information on d i e t a r y  h a b i t s  [e.g. type and amount 
of f l u i d  and s o l i d  food intake] was not  obtained. However, a small subsample 
of s tudents  was evaluated f o r  t h e i r  in take  of t a p  water and excre t ion  of ur inary  
sodium.) A l l  s tudents  completed t h e  s h o r t  quest ionnaire,  and a f t e r  t h e i r  he ights  and 
weights were recorded, they were t o l d  t o  r epor t  t o  one of th ree  s t a t i o n s  t o  
have blood pressures  taken by a nurse o r  t r a ined  volunteer .  A l l  blood pres- 
sures  were taken with a mercury sphygmomanometer on the  l e f t  arm of the  seated 
student .  The s t u d e n t ' s  arm res ted  on a t a b l e  and was a t  h e a r t  l e v e l  with 
palm up. The s tudent  assumed a relaxed,  comfortable pos i t ion ,  s i t t i n g  q u i e t l y  
with l e g s  uncrossed. 
With the  use of a s tethoscope,  blood pressures  were recorded using t h e  
f i r s t  and f i f t h  Korotkoff sounds a s  the  bases f o r  the  s y s t o l i c  and d i a s t o l i c  
blood p ressures ,  respect ive ly .  The r a t e  of descent of the  pressure was kept  
a t  the  recommended 2-3 mmHg persecond.16 Each s tudent  had t h r e e  consecutive 
blood p r e s s u r e s  and a  s i n g l e  p u l s e  r a t e  taken  dur ing  a f i v e  minute pe r iod .  
S tudents  wi th  blood p r e s s u r e s  above normal (>140 mmHg s y s t o l i c  and/or >go m ~ g  
d i a s t o l i c )  were advised t o  consu l t  t h e i r  phys i c i ans .  For d a t a  a n a l y s i s  pur- 
poses  t h e  second and t h i r d  blood p r e s s u r e  read ings  were averaged t o  o b t a i n  
t h e  r e p r e s e n t a t i v e  va lue  f o r  each s tuden t .  The f i r s t  blood p r e s s u r e  was 
excluded from t h e  d a t a  a n a l y s i s  because t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e  i n i t i a l  
blood p r e s s u r e  is somewhat h ighe r  than  subsequent read ings .  16 
Blood p r e s s u r e  measurements w e r e  t aken  by a  s t a f f  c o n s i s t i n g  o f  r e g i s t e r e d  
nurses  from t h e  LaGrange V i s i t i n g  Nurses Assoc ia t ion  and t r a i n e d  vo lun tee r s  
from t h e  Chicago Heart  Assoc ia t ion .  The same personnel  and mercury sphygmoma- 
nometers were u t i l i z e d  t o  c a r r y  o u t  t h e  sc reen ing  i n  each school .  The screen-  
i ng  was c a r r i e d  o u t  on January 8-10, 1980, i n  LaGrange, and on February 5-7, 
1980, i n  Westchester.  
Ur ina lys i s  and Liquid I n t a k e  Study 
A t  t h e  completion of t h e  blood p r e s s u r e  survey,  s t u d e n t s  were o f f e r e d  t e n  
d o l l a r s  a s  an i n c e n t i v e  t o  a t t r a c t  vo lun tee r s  i n t o  t h e  u r i n a l y s i s  and l i q u i d  
i n t a k e  s tudy.  One purpose o f  t h i s  s tudy  was t o  measure and compare u r i n a r y  
sodium exc re t i on  between test  and c o n t r o l  communities a s  an index o f  o v e r a l l  
(food and water)  sodium in t ake .  Another purpose was t o  determine t h e  volume 
of  t a p  water  consumed pe r  s tuden t  t o  confirm t h a t  LaGrange s t u d e n t s  w e r e  ac- 
b a l l y e x p o s e d  t o  t h e  high-sodium municipal  water .  S tudents  were asked t o  
c o l l e c t  seven ove rn igh t  u r i n e  samples and complete a  l i q u i d  i n t a k e  d i a r y  
(Appendix C) f o r  each o f  t hose  seven days.  Overnight u r i n e  samples were de- 
f i n e d  a s  a l l  u r i n e  voided dur ing  t h e  n i g h t  and t h e  f i r s t  u r i n e  voided upon 
awakening i n  t h e  morning. Urine samples w e r e  ob ta ined  from 41 LaGrange and 
39 Westchester  s t uden t s .  Urinary sodium ion  concen t r a t i ons  were determined 
by flame emission spectrophotometry us ing  a,Perkin-Elmer 5000 .Atomic Absorp- 
17 
t i o n  Spectrophotometer.  P a r t i c i p a n t s  w e r e  i n s t r u c t e d  t o  complete t h e  l i q u i d  
i n t a k e  d i a r y  by e s t ima t ing  t h e  amount o f  t a p  water  and tap-water-based f l u i d s  
t hey  consumed. Graduated d r ink ing  cubs w e r e  provided t o  t h e  p a r t i c i p a n t s  t o  
a s s i s t  them wi th  t h e i r  e s t ima t ions .  
S t a t i s t i c a l  Analys i s  
Comparison of t h e  s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s  from t h e  two 
s tudy  groups was done by a n a l y s i s  of covariance u s ing  t h e  gene ra l  l i n e a r  model 
(GLM) procedure of  t h e  S t a t i s t i c a l  Analys i s  wi th  s e p a r a t e  ana lyses  
f o r  males and females.  Analysis  of  covariance a l lows  comparison of  group means 
a f t e r  adjustment  f o r  p o s s i b l e  confounding v a r i a b l e s  ( c o v a r i a t e s ) .  The co- 
v a r i a t e s  considered i n  t h e  p r e s e n t  a n a l y s i s  w e r e  t h e  s a l t y  food index (FOOD), 
d a i l y  c i g a r e t t e  u se  ( C I G ) ,  Que te l e t  index (QUET),and months of  r e s idence  i n  
t h e  community (RES). Adjustment was n o t  necessary f o r  t h e  c o v a r i a t e s  l i s t e d  
i n  Table  1 because o f  t h e  s i m i l a r i t y  i n  t h e s e  v a r i a b l e s  between t h e  two com- 
mun i t i e s  s tud i ed .  Only those  wi th  complete c o v a r i a t e  and blood p r e s s u r e  d a t a  
w e r e  inc luded  i n  t h i s  a n a l y s i s  (309 and 303 s t u d e n t s  from LaGrange and West- 
c h e s t e r ,  r e s p e c t i v e l y ) .  
The purpose o f  computing t h e  food index was t o  determine i f  t h e r e  was a 
d i f f e r e n c e  between t h e  two communities regard ing  i n t a k e  o f  s a l t y  foods.  This  
index was c a l c u l a t e d  by a s s ign ing  va lues  t o  t h e  14 c a t e g o r i e s  of  foods l i s t e d  
i n  t h e  ques t i onna i r e  (Appendix B)  a s  fol lows:  i f  t h e  boxes never o r  l e s s  than  
once a week were checked, a va lue  o f  one was ass igned;  a va lue  of  two was 
ass igned  i f  t h e  box 1-2 t imes  p e r  week was checked; and a va lue  o f  t h r e e  was 
assigned i f  t h e  boxes 3-6 t imes p e r  week o r  7 o r  more t i m e s  p e r  week w e r e  
cl.iecked. No index was computed i f  consumption was n o t  s p e c i f i e d  f o r  a t  l e a s t  
t h i r t e e n  o f  t h e  fou r t een  ca t ego r i e s .  For t hose  who d i d  n o t  answer one o f  t h e  
food ques t i ons ,  t h e  modal va lue  f o r  t h e  same town/sex group was ass igned .  
The food index was t hen  computed i n  t h e  normal way. Therefore ,  each ind iv id -  
u a l  had a food index i n  the i n t e r v a l  14-42. 
Dai ly  c i g a r e t t e  use  ( C I G )  was coded a s  a zero  i f  t h e  i n d i v i d u a l  d i d  no t  
smoke, a 1 (one) i f  less than  one-half pack p e r  day was smoked, a 2 ~ t w o l i f  
one-half t o  one pack p e r  day was smoked, and a 3 ( t h r e e )  i f  more than  one 
pack a day was smoked. 
2 The Que te l e t  index (QUET) c a l c u l a t e d  a s  (weight /height  ) X 100 was u t i -  
l i z e d  t o  d e s c r i b e  t h e  o b e s i t y  of  t h e  s u b j e c t s .  Weight was measured i n  k i l o -  
gramsfand h e i g h t  i n  cen t imeters .  
The l e n g t h  o f  r e s idence  i n  t h e  community (RES) was another  important  
confounder t o  cons ider  b e c a u s e r i f  sodium i n  d r ink ing  water a f f e c t s  blood pres -  
s u r e ,  a g r e a t e r  blood p re s su re  e l e v a t i o n  may be shown i n  t hose  i n d i v i d u a l s  
consuming t h e  high-sodium water f o r  a longer  per iod  of  t i m e .  
The u r i n a r y  sodium e x c r e t i o n  and water  i n t a k e  d a t a  were analyzed us ing  
a weighted two-way a n a l y s i s  o f  va r i ance .  Only t hose  i n d i v i d u a l s  who sub- 
mi t t ed  a t  l e a s t  f i v e  u r i n e  samples were included i n  t h e  s t a t i s t i c a l  a n a l y s i s  
of  u r i n a r y  sodium l e v e l s .  P a r t i c i p a n t s  were r equ i r ed  t o  provide a t  l e a s t  
t h r e e  days of  water  i n t a k e  d i a r i e s  t o  be included i n  t h e  a n a l y s i s  o f  water 
consumption. Ind iv idua l  mean u r ina ry  sodium and water  i n t a k e  va lues  were 
- weighted by t h e  i n v e r s e  of  t h e i r  r e s p e c t i v e  var iances .  
RESULTS 
Blood P re s su re  Survey 
There were 172 males and 137 females from LaGrange and 142 males and 161 
females from W5stchester whose blood p r e s s u r e s  were used i n  d a t a  a n a l y s i s .  
The mean average s y s t o l i c  and d i a s t o l i c  blood p r e s s u r e s  f o r  LaGrange and West- 
c h e s t e r  males and females a r e  l i s t e d  i n  Table  2. These r e s u l t s  i n d i c a t e d  t h a t  
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male and female s y s t o l i c  blood pressures  i n  the  high-sodium community were not  
higher,  a t  the  0.05 l e v e l  of s ign i f i cance ,  than those i n  the  low-sodium community. 
I n  c o n t r a s t ,  t he  male and female d i a s t o l i c  blood pressures  were s i g n i f i c a n t l y  
higher (W0.040 f o r  males and P=0.016 f o r  females) i n  the  high-sodium community. 
The s i g n i f i c a n t  d i f f e rences  were a 1.8 mmHg e leva t ion  i n  mean average d i a s t o l i c  
blood pressure  among males and a 1.9 mmHg elevat ion  i n  mean average d i a s t o l i c  
blood pressure  among females i n  t h e  high-sodium community. 
The ana lys i s  of covariance of the  average s y s t o l i c  and d i a s t o l i c  blood 
pressures  (SBP, DBP) was i n i t i a l l y  computed u t i l i z i n g  a l l  four covar ia tes  ( C I G ,  
QUET, RES, FOOD). Standard backward e l iminat ion  procedures were employed t o  
develop s impl i f ied  models with only the  most important covar ia tes  being included 
i n  the  model ( p a r t i a l  "F-to-remain" t e s t s  y ie ld ing p-values < 0.10).  For pur- 
- 
poses of implementing the  GLM procedures, the  community v a r i a b l e  (TOWN) was a 
dummy v a r i a b l e ,  with LaGrange coded a s  "1" and Westchester coded a s  "zero."  
2 The f i n a l  models and t h e i r  associa ted  R values a re :  
MALES 
SBP = 97.51 - 3.71 TOWN + 9.48 QUET 
DBP = 58.46 + 1.60 TOWN + 4.37 QUET 
FEMALES 
2 
SBP = 92.39 + 1.60 TOWN + 6.15 QUET ( R  = 0.060) 
L DBP = 58.78 + 2.02 TOWN + 1.06 C I G  + 3.08 QUET ( R  = 0.044) 
F ina l ly ,  although the  food and residence ind ices  were considered a s  p o t e n t i a l  
covar ia tes  i n  t h i s  s tudy,  they were found t o  be s t a t i s t i c a l l y  unimportant 
f o r  explaining the  v a r i a b i l i t y  of blood pressure i n  the  two communities. 
The r e s u l t s  of the  one-way ana lys i s  of covariance, which adjusted f o r  
these  confounding v a r i a b l e s ,  a r e  tabula ted  i n  Table 3. I n  comparing the  

















